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Teoria de Pauli:

a) C.C.O.C. agora contém operadores de spin que agem num espaço “interno”:

b) Para s=1/2, como o elétron:

c) Ao momento angular de spin está associado um momento de dipolo magnético:
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2. Representação |r,e>
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Produto escalar:

3. Operadores: levam spinores em spinores (linearmente)
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�tem tanto estrutura matricial (espaço de spin) quanto opera na parte orbital.
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Exemplos:
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Exemplo: feixe de nêutrons incidente 
num ferromagneto

COMPLEMENT BIX •

The last term represents the interaction between the spin magnetic moment ~
2 � and

the magnetic field B(R ) = r A(R ).
Show, using the properties of the Pauli matrices, that this Hamiltonian can also

be written in the following form (“the Pauli Hamiltonian”):

= 1
2 � [P A(R )] 2 + (R )

4. We intend to study the reflection of a monoenergetic neutron beam which is per-
pendicularly incident on a block of a ferromagnetic material. We call the direction
of propagation of the incident beam and the surface of the ferromagnetic material,
which fills the entire 0 region (see Figure 1). Let each incident neutron have an
energy and a mass The spin of the neutrons is = 1 2 and their magnetic moment
is written M = S ( is the gyromagnetic ratio and S is the spin operator).

z

y

x
O

B0

incident neutrons

Figure 1

The potential energy of the neutrons is the sum of two terms:

the first one corresponds to the interaction with the nucleons of the substance.
Phenomenologically, it is represented by a potential ( ), defined by ( ) = 0 for

0, ( ) = 0 0 for 0.

the second term corresponds to the interaction of the magnetic moment of each
neutron with the internal magnetic field B0 of the material (B0 is assumed to be
uniform and parallel to ). Thus we have = 0 for 0, = 0 for 0
(with 0 = 0). Throughout this exercise we shall confine ourselves to the case:

0 ~ 0
2 0

Determine the stationary states of the particle that correspond to a positive incident
momentum and a spin which is either parallel or antiparallel to .

We assume in this question that 0 ~ 0 2 0 + ~ 0 2. The incident
neutron beam is unpolarized. Calculate the degree of polarization of the reflected
beam. Can you imagine an application of this e�ect?
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O potencial depende do spin.
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Polarização do feixe refletido
Suponha que o feixe incidente é não polarizado: o elétron tem 
probabilidade ½ de ser up e ½ de ser down. Qual é a polarização do 
feixe refletido?
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Adição de momentos angulares



O problema
2 momentos angulares: não há conservação separada 
de cada um deles, mas o momento angular total é 
conservado. 2 s
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